In medium containing 20 mg/ml of procaine-HCl, juvenile development of Caenorhabditis elegans almost ceased, and juveniles entered a dauer-like state. After transfer to procaine-free medium, the nematodes resumed growth and matured in about 4 days. After transfer to drugfree medium the fecundity of the treated nematodes was markedly reduced even by a one-day exposure to the drug, and unlike longevity the decline proceeded stepwise. Procaine-treated nematodes resisted desiccation less but resisted freezing as did juveniles in the dauer state from monoxenic cultures.
Under the electron microscope procaine-treated juveniles had empty intestinal lumens but unlike dauer juveniles the morphology of this region had a thin cuticle and no lateral alae.
Under environmental extremes, cultures of Caenorhabditis elegans (Maupas) produce dauer juveniles specialized for survival (Cassada & Russell, 1975; Yarwood & Hansen, 1969) of which 50% survive for approximately 45 days at 20° (Klass & Hirsh, 1976) . The dauer forms have a thicker cuticle than other stages, and are slender and dark. When transferred to favorable conditions, they resume development, and the duration of the preceding dauer state has no detrimental effect on fecundity or egg viability (Cassada & Russell, 1975) . Hence, the dauer state is non-aging (Klass & Hirsh, 1976) and these forms have a longer life-span.
Procaine-HCI, a local anasthetic, suppresses aging, growth, reproduction and aging characteristics in C. briggsae (Zuckerman, 1974; Castillo et al., 1975 ) as do aminopterin or hydroxyurea which are potent inhibitors of DNA synthesis. Kisiel et al. (1972) and Vanfleteren (1977) tried these drugs in an attempt to synchronize production of nematode stages in cultures. In our tests of procaine-HCI on C. elegans, 15,000 ppm allowed slight development of the worms and the laying of some eggs but 20,000 ppm completely suppressed development. Treated worms were slender and dark like dauer forms. Nematodes resumed development after being returned to drugfree medium and oviposition seemed normal. This led us to study the effects of procaine-HCI on growth, oviposition and survival of C. elegans.
.
MATERIALS AND METHODS
A population of C. elegans (var. Bristol, N-3) that is parthenogenetic and almost without males was axenically cultured on liquid medium of 4% soy peptone, 3 % yeast extract and 10% heated liver extract (Sayer et al., 1963) at 20°. Dauer forms for comparison with procaine-treated nematodes were obtained from monoxenic culture with Escherichia coli on Nigon's medium without subculture.
Procaine medium was prepared as 2% (ca. 70 mM) procaine-HCl in axenic liquid medium. About 100 of J (hatched within 6 hr) were placed in a vial containing 1 ml of procaine medium (10 replicates) and incubated at 20°, and the growth and mortality of the animals observed from time to time. At each observation nematodes were transferred to axenic medium without procaine and their growth, fecundity, and longevity examined. During the egg-laying period, parental animals were isolated from their progeny and the medium renewed every day. The number of progeny was estimated from the number of hatched juveniles after 2 days, so that only juveniles from non-viable eggs were excluded.
To test tolerance to desiccation and freezing, J 1 , cultured in procaine medium for 2 wk, Jl, J2, J3, J4 and young adults from the axenic medium without procaine, and dauer forms from monoxenic culture were compared. For the desiccation survival, 30 individuals from each group were placed en masse in 12 mm diam., 7 mm deep Petri dishes. Water surrounding the nematodes was removed with a glass capillary. Immediately after removing the water, the Petri dish was put in a container at 98% R.H. over saturated K2 S04 solution at 20°. After 48 hrs, the nematodes were rehydrated with 0.5 ml of water. The nematodes were stimulated mechanically to determine whether they were alive or dead. The test was repeated three times. For survival of freezing, 20 animals from each group were placed in a drop of axenic culture medium on a glass slide under a cover slip and viewed under the Nikon Low Temperature Microscope. The specimens were cooled with liquid N2 at a descending rate of 7 °/min until they froze when the body contents suddenly darkened. This took 5 to 6 min to reach the required temperature (-16 to -17°) when the supply of gas was stopped and the specimens gradually warmed to 20°, taking about 10 min. The specimens so treated were transferred to watch glasses containing 0.4 g NaCl/100 ml water (O.P. 3.3 atm. 20°) solution. The alive or dead nematodes were examined after 2 hrs.
For electron microscopy, nematodes treated with procaine and dauer stages from monoxenic culture were fixed in 2 9lo glutaraldehyde in 0.1 M phosphate buffer at pH 7.2 for 3 hrs. The tail tip was excised to facilitate entry of the fixative and after rinsing in cold phosphate buffer, specimens were post-fixed in
